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In  examining  the  gastrointestinal  tract  of  rats  which  were  being 
used for other experiments, our attention was directed  to the frequent 
occurrence of lesions in the tureen or esophageal portion of  the stom- 
ach.  Since  these  lesions were found only in  rats  on variously  deft- 
dent diets, it seemed interesting to pursue the subject further  in the 
hope of defining the particular factor concerned. 
Before  describing  the  lesions  encountered,  the  normal  structure 
of the non-glandular  portion  of  the  rat  stomach  may  be  briefly 
recalled. 
The rumen of the normal stomach is sharply divided from the glandular por- 
tion by a smooth, elevated linear ridge  which  passes  to either side  of  the car- 
diac  orifice  of  the  esophagus.  Elsewhere,  the  internal  surface  is  uniformly 
smooth.  Histologically,  the rumen, including  the limiting ridge,  is lined  with 
squamous epithelium,  surmounted by a thin keratin layer.  The superficial cells 
contain eleidin granules.  The thickness  of this epithelial  layer varies with the 
state of distention of the stomach.  When the organ is contracted, the mucosa 
is thrown up into low, regular corrugations. 
The  epithelium  rests  almost  directly  upon  the  well  developed  muscularis 
mucosa~, from which it is separated by a delicate connective tissue.  This may 
contain an occasional lymphoid cell or eosinophil,  but in the normal organ,  this 
zone is very inconspicuous  except at the limiting ridge,  where the elevated epi- 
thelium is supported by a  very considerable  amount of rather dense muscular 
and connective tissue,  often quite thickly infiltrated with lymphoid and eosino- 
phil  leucocytes. 
Between the muscularis  mucos~e and the muscularis,  there is a well developed 
layer of a  very loose a'reolar connective tissue,  which permits the epithelium to 
* A preliminary note referring to this  work  has  recently appeared  (Pappen- 
heimer, A.  M.,  and Larirnore,  L. D., Proc. Soc. Exp. Biol.  and Med.,  1923-24, 
xxi,  141). 
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adapt itself to the varying states of distention or contraction.  This layer nor- 
mally contains very few wandering cells. 
The  pathological  changes  which  we  wish  to  describe  are  situated 
by preference near  the  limiting  ridge,  and  most frequently  near  the 
lesser  curvature  and  the  esophageal  orifice.  They  may,  however, 
involve  other  portions  of the  rumen.  They  appear  as more  or  less 
elevated round or oval discs, with a  small central, ulcerated brownish 
depression  (Fig.  1).  The  lesions  are  either  discrete  or  more  or  less 
confluent.  In  the  more severe  or  advanced  cases,  the  lining  of  the 
lumen  is  thrown  up  into  papillomatous  or  cauliflower-like  growths, 
accompanied  often  by  a  marked  hypertrophy  of the  muscular  coat. 
The demarcating ridge is often  involved, presenting a  nodose, beaded 
appearance (Fig. 2). 
These alterations  are found,  microscopically, to involve the  entire 
wall of the stomach. 
The epithelium frequently shows a  marked thickening and exfoliation of the 
keratin layer, particularly near the opening of the esophagus.  The epithelium 
is increased in thickness; blunt processes extend down to the muscularis mucosm, 
or the epithelium is reduplicated to form papillary projections into  the lumen. 
Mitotic figures are often numerous in these hyperplastic areas. 
The actively proliferating epithelium rarely penetrates the muscularis mucosm, 
but occasionally  irregular solid  processes  in continuity with the surface epithe- 
lium,  extend  into  the  submucosa.  In  one  instance,  there  was  a  large  cystic 
evagination (Fig.  6). 
Ulceration and necrosis,  usually superficial,  but sometimes extending into the 
submucosa, is a frequent, but not invariable finding.  The ulcers are surmounted 
by debris of keratin flakes, dead epithelial cells, and leucocytic fragments,  Bac- 
teria and yeasts are abundant on the surface,  but do not extend deeply into the 
tissues.  Repeated search  for mycelium in  Gram and  Giemsa stained  sections 
was negative. 
Accompanying  these  changes  in  the  epithelium,  the  subjacent  connective 
tissue,  both above and below the muscularis mucosm, shows edema, often fibri- 
nous,  and  a  more or  less  intense  cellular  infiltration.  The  predominant  type 
of wandering  cell was the polymorphonuclear e0sinophil,  which  is present nor- 
really in  considerable  numbers in  the stroma of the glandular  mucosa, but is 
scarce  and inconspicuous  in  the  esophageal portion of the  rat stomach.  Near 
the ulcerated loci, polymorphonuclear neutrophils predominated.  Lymphocytes, 
and  larger  mononuclear  elements  were  also  abundant.  The  capillaries  and 
veins in  the inflamed area were  wide and congested.  In the less  acute  areas, 
the edematous submucosa contained numerous proliferating fibroblasts and new 
forming blood vessels  (Figs.  3, 4, and 5). A. M. PAPPENHEIMER  AND  L. D. LARIMORE  721 
Influence of Diet on Incidence  of Lesions. 
Rats on Complete Dict.--On a stock diet, consisting of whole grain, 
greens and meat, with or without the addition of milk, no lesions other 
than a  mild keratosis were observed in any of the nineteen rats ex- 
amined.  Fifteen wild grey rats, caught in the laboratory--all appar- 
ently well  nourished  and  healthy--showed normal  stomachs.  The 
findings in rats on complete artificial diets which served as  controls 
to  the experiments were, with  occasional exceptions, to be discussed 
later, negative.  It has been our experience, therefore, that the lesions 
occur only on artificial and deficient diets. 
Rats  on Diet  84.--The highest incidence of the lesions was found 
in the thirty-five rats which belonged to this group.  The diet is the 
one used in this laboratory for the experimental production of rickets, 
and consists of patent flour 95.0,  calcium lactate 2.9,  sodium chloride 
2.0, and ferric citrate 0.1.  As has been pointed out in previous papers 
(1) this diet is deficient in the character of its proteins, in its vitamine 
A  content,  in various  mineral constituents, notably phosphate,  and 
possibly to a limited degree in vitamine B.  Rats  placed on the diet 
at the age of 4 weeks show only a limited growth, and unless treated 
with cod liver oil or ultra-violet radiations, become rachitic. 
Of thirty-five young rats on this diet for periods of from 2~  to  35 
days,  thirty-one  or  about  86  per  cent,  showed gastric  lesions  of 
greater  or  lesser  severity.  Definite  ulcers  were  present  in  the 
majority,  and  since complete serial  sections  were  not  made,  it  is 
probable that they were overlooked in some of the rats. 
An interesting point is brought out by this series.  Six of the rats 
received a daily exposure to the rays of the quartz mercury lamp for 
15 minutes at a distance of 9 feet.  This treatment, sufficient to pro- 
tect against the development of rickets, did not prevent the gastric 
lesions. 
In addition to the thirty-five rats on Diet 84, we examined the stom- 
achs of ten rats on diets in which the mineral constituents of Diet 84 
had been altered in various ways; in other respects, these diets pre- 
sented the same deficiencies as Diet 84.  Six of these rats showed defi- 
nite ulcers, and in all but one of the others, there were more or less 
striking  epithelial  proliferation  and  submucous  edema.  All  of  the 722  GASTRIC  LESIONS  IN  RATS 
three rats on Diet 85C, which is low in calcium, but contains  an excess 
of phosphates,  showed distinct lesions.  A  deficiency of phosphate is 
therefore not a factor in their production. 
Experiments on the Possible  Influence of Excess of Base or Acid. 
It seemed possible that the excessive alkalinity  of Diet 84, due  to 
its high calcium lactate content, might be an important factor,  either 
because of its directly injurious effect upon the epithelial lining  cells, 
or conceivably, by altering  the reaction of the gastric contents so  as 
to favor bacterial growth. 
It  was  decided  to  investigate  this  possibility  experimentally  by 
placing  rats upon diets nutritionally  complete,  but rendered  acid or 
alkaline  by the use of salt  mixtures  containing  excess of sodium  or 
chlorine ions respectively. 
The first two experiments of this sort, in which eighteen rats were 
used,  were  negative.  Normal  stomachs  were  found  in  every  case, 
in spite of the abnormal and unbalanced mineral  content of the diet. 
It  seemed improbable, as a  result  of these preliminary  observations, 
that the alkalinity or acidity of the diet  ' per se could be a factor in the 
production of the lesions.  A  third  experiment,  however,  gave differ- 
ent results, and may be briefly discussed. 
The  composition  of the  salts in  the diets is given in Tables I  and 
II.  Of the four rats  on the alkaline diet, two showed multiple ulcers 
with marked  epithelial  hyperplasia;  two had  normal  stomachs.  The 
four rats  on the acid diet  showed more or less epithelial hyperplasla 
about  the  marginal  ridge,  but  no  ulcers,  or  acute  inflammatory 
changes. 
We have no explanation  to offer for the discrepancy between this 
experiment and  the preceding ones.  We shall consider later the evi- 
dence in  favor of the possibility that  a  deficiency in vitamine  A  or 
some  related  accessory food factor predisposed  to  the  development 
of the gastric lesions.  In making up the diets for the alkali and acid 
experiments,  it was assumed that  the unextracted  commercial casein 
used contained an adequate amount of vitamine A.  This may, how- 
ever, not have been the case, and since two different samples of casein 
were used in the preparation of the diets, the possibility cannot be ex- 
cluded that the second sample contained less vitamine A than the first. A.  M.  PAPPENHEIMER  AND  L.  D.  LARIMORE  723 
The  occurrence  of  a  mild  xerophthalmia  in  several  of  the  rats  as  well 
as  their  subnormal  growth,  suggests  that  there  may  have  been  a  rela- 
tive  insufficiency. 
TABLE  I. 
Composition of Alkaline  and Acid Diets. 
Alkaline Diet. 
Alkaline salt II. 
KC1 ................................. 
Mg COs ............................. 
Ca lactate ........................... 
Na,~IPO4.12 H20 ..................... 
Ferric citrate ......................... 
Traces mixture  ........................ 
0.850 
0.207 
4.083 
4.738 
0.1OO 
0.0037 
H=,O 
1.192 
2.857" 
Total ...............................................  9.982  4.049 
Total per cent of salt -  water of crystallization  =  5.933 
A cld Diet. 
H2o 
Acid salt II. 
CRaig ................................ 
KC1 ................................. 
NaC1. 
CaI~ (PO,)v H20 ...................... 
NH4 C1 .............................. 
MgSO,. 7H20 ........................ 
Ferric citrate ........................ 
Traces mixture ...................... 
0.735 
0.850 
0.850 
1.668 
1.600 
0.507 
0.100 
0.0037 
0.119 
0.239 
Total ...............................................  6.314  0.358 
Total per cent of salt -- water of crystallization  =  5.956 
TABLE  II. 
Calculated Mineral Content of Diets. 
Na  K  Ca  CI 
Alkaline ........ 
Acid ........... 
0.608 
0.334 
0.445 
0.445 
0.530 
0.530 
Mg 
0.059 
0.050 
o 
I  °'41°  I 
0.405 
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Experiments on the Possible Rdation of the Gastric Lesions to Deficiency 
in Fat-Soluble Vitamine. 
In addition to the thirty-five rats on Diet 84, referred to above, our 
material included seven rats on this diet, which had received treatment 
with cod liver oil for periods of from 12 to 22 days, after having been 
on Diet 84  for 4  weeks.  Gastric lesions were present in but two of 
these,  and  in  one the ulcers appeared to be healing.  This  smaller 
incidence suggested a  further inquiry into  the protective action of the 
cod liver oil, and  the possible r61e of  a  deficiency of vitamine A,  or 
related food factors in the causation of the lesions. 
The stock diet used in these experiments consisted of: 
Casein (inactivated by heating 24 to 48 hrs. at 105  ° in shallow pans) .....  21.0 
Duryea's starch ....................................................  57.7 
Crisco  ............................................................  17.0 
Yeast (Harris' concentrated extract) .................................  0.6 
Salt Mixture 185 (McCoUum)  .......................................  3.7 
The usual precautions were taken in regard to the care of the animals.  Ash- 
free filter paper was given for roughage.  A record was kept of the daily food 
consumption.  Bergen cod liver off, in some of the experiments,  was administered 
by pipette to the amount of 0.1 to 2.0 cc. daffy; in other experiments,  it was in- 
£orporated in the diet to the amount of 2 per cent, replacing an equivalent weight 
of Crisco. 
An  analysis  of  our  data  brings  out  several  significant  facts.  Of 
twenty rats maintained  for periods varying from 9  to 97  days on a 
diet  in  which  the  only known  deficiency was  a  lack  of vitamine A, 
gastric lesions were present in eleven or 55 per cent.  Four rats, show- 
Lug only slight epithelial overgrowth and hyperkeratosis, without in- 
flammatory lesions, are included among the negatives. 
Although it seems  evident  that  the  lack  of  the  fat-soluble  factor 
predisposes in some way to the development of the lesions, it is equally 
clear that there is no constant relation between the occurrence of the 
lesions, or their severity, and the length of  time that  the animal was 
on the  deficient diet.  Thus  Rat  80-00,  after only 21  days,  showed 
severe  hyperplastic  and  ulcerative  lesions, whereas rat 80-09,  after 
97 days,  showed only a  slight epithelial hyperplasia, with no inflam- 
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A  second  fact disclosed in  these  experiments  is  that  the  addition 
of  cod  liver  oil  in  every instance  protected  completely  against  the 
development of the gastric lesions.  Normal  stomachs were found in 
eleven rats in which  cod liver oil was added to or included in the vita- 
mine A  deficient diet. 
Included are  seven rats  which  received 2 per cent of cod liver  oil, 
inactivated  on a  water bath at the temperature  of boiling  water for 
20  hours in the presence of an air current.  The experiments of Hopkins 
(2), of Drummond and Coward (3), and of McCollum (4), have shown 
the destructive effect of heat and  oxidation upon the antixerophthal- 
mic potency of butter and  cod liver oil.  In accord with their obser- 
vations, xerophthalmia  developed with great rapidity and severity in 
all seven rats given the inactivated oil.  In spite of the loss of its an- 
tixerophthalmic  property,  there was,  in  this  small  series,  complete 
TABLE  III. 
Diet.  No. of rats.  shoNwi°ng~crsatoSs. 
84  5 
84 plus 2 per cent cod liver oil (inactivated).  6 
84  "  2  "  .....  '  "  (whole).  6 
protection against  the gastric lesions.  This  strongly suggested  that 
the protective  effect was not due  to  the vitamine A  content of  the 
cod liver oil--or more specifically, to its antixerophthalmic  factor. 
If the  absence of lesions in  the  foregoing  experiment  is to be at- 
tributed to a specific substance or substances contained in the cod liver 
oil,  this  protection  should  be  manifest  even  when  the  animals  are 
placed upon a highly deficient diet such as Diet 84. 
The following experiments, however, showed that  neither the whole 
cod liver oil,  nor the inactivated  oil were capable  of preventing  the 
gastric lesions, when added to Diet 84 to the amount of 2 per cent. 
Two litters  were used  for  the  experiment,  and  it  was  noted  that 
whereas in one litter, only one of nine showed lesions; in the other, seven 
out of eight  were  affected.  The  two  litters  were  of  approximately 
the same age and weight and were obtained from the same source. 726  GASTRIC  LESIONS  IN  RATS 
Although the cod liver oil,  when incorporated with the diet, failed 
to protect, the experiment was repeated on two other litters, the oil 
being administered separately by pipette,  to  the amount of 2  or  3 
drops daily over a period of 28 days. 
From these experiments, it became evident that other factors were 
concerned in the production of the lesions than the absence of specific 
substances in the cod liver oil, and indeed, it seemed highly probable 
that  vitamine  deficiency per  se  played  no  part  in  their  causation. 
It  seemed possible,  on further reflection, that  the deficient diets, 
regardless  of  the  particular  deficiency concerned,  might  result  in 
a loss of gastric motility, and that stasis of the gastric contents might 
be at least a  predisposing cause for the development of the lesions. 
But this hypothesis also did not survive an experimental test. 
TABLE  IV. 
No. of rats 
Diet.  No. of rats.  showing  lesions. 
84  5  5 
84 plus 2 to 3 drops inactivated cod liver oil.  5  4 
84  "  2  "  3  "  of whole cod liver oil.  6  3 
Barium sulfate and distilled water were added to Diet 84,  making 
a thin paste which could be introduced without difficulty into the stom- 
ach through a  tube.  The motility was studied fluoroscopically,  ob- 
servations being made at frequent short intervals and the emptying 
time recorded.  The observations on most of the rats were repeated 
after a few days or a week, and it was found that the emptying time for 
the individual rat  remained quite constant.  There were, however, 
wide  individual  variations  ranging  from 10  minutes, in  the  case of 
one rat, to several hours.  There proved to be no correlation between 
the occurrence of the lesions and the emptying time of the stomach 
during life.  Indeed, the rat with the shortest emptying time was found 
subsequently to  have  most  severe ulcerative  and  papillary  lesions. 
It is unnecessary to present these data in detail, since they throw no 
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The Ingestion  of Hair as a Possible Factor. 
We had made the observation that the stomachs of rats on deficient 
diets frequently contained hair in considerable amount, but had attrib- 
uted  no  particular  importance  to  the finding  until  we chanced to 
discover, in the sections of several of the rats, portions of the hair shaft 
embedded in the tissue.  Thus in Rat 80-97 (Fig. 6), there was a large 
cystic invagination of  the epithelium, extending through the muscu- 
laris  mucosm  to  the  muscularis.  Amongst  the  exfoliated  keratin 
flakes forming the contents of the cyst, was found a long hair shaft. 
In other sections from the same rat, a fragment of hair was found in 
the submucosa,  surrounded by inflammatory tissue,  with  numerous 
foreign body giant cells. 
In Rat  80-56,  which had been for 33 days  on  a  minus A  diet, a 
splinter of hair was found embedded in the hypertrophied epithelium 
adjacent to an ulcer.  The epithelium contiguous to the hair fragment 
showed pycnosis and shrinkage of the nuclei. 
In several other sections also, refractile splinters were seen amongst 
the epithelial cells, or amongst the inflammatory cells in the submucous 
tissue.  Although these could not be positively recognized as portions 
of hair  shafts,  the definite  observations mentioned above suggested 
a  new possibility,  namely that hair ingested by rats on  a  deficient 
diet might traumatize the mucosa sufficiently to produce the lesions. 
The punched out character of the ulcers was in favor of such a possi- 
bility;  indeed,  on  close  study, many of the sections showed sharp 
breaks in the surface epithelium such as might have resulted from punc- 
ture by a  rigid hair shaft. 
It seemed worth while to attempt to reproduce the lesions by incor- 
porating  a  large amount of hair  in  the diet.  A  diet was  prepared 
consisting  of: 
Casein ............................................................  21.0 
Starch ............................................................  57.7 
Salt 185 ..........................................................  3.7 
Yeast extract ......................................................  0.6 
Crisc0 ............................................................  14.0 
Cod liver oil .......................................................  3.0 
The  Crisco  was melted, and sufficient finely cut rat hair added to 
make a thick paste.  This was then intimately mixed with the remain- 728  GASTRIC  LESIONS  IN  RATS 
hag  constituents  of  the  diet.  That  the hairs were actually ingested 
with  the  food was proven by finding  them  abundantly  in  the  feces. 
Red blood cells were also present.  Six young rats were then placed 
on the hair diet, and six controls of the same litter on the same  diet 
without the addition of hair. 
In the six control rats, killed at intervals of 4 to 6 weeks, the stom- 
ach was found normal in all but one, and this showed merely a  very 
slight  papillary  hyperplasia,  over  a  small  area  along  the  greater 
curvature.  Of  the  six  rats  on  the  hair-containing  diet,  one  (No. 
90-35) showed three ulcers in the non-glandular portion; with the hand 
lens  several  hairs  could  be seen  sticking  into  the central  punched 
out crater.  Another rat (No. 90-36) presented an area of papilloma- 
tous thickening along the lesser curvature, with several hairs embedded 
in the mucosa.  The remaining four rats were free from gross lesions. 
Serial  sections of the ulcers in Rat 90-35  (Fig. 7) showed the hair 
fragments penetrating  deep into  the mucosa,  and  surrounded  by an 
inflammatory  reaction. 
DISCUSSION. 
The most interesting  and  best established  fact revealed by these 
data is that the incidence of the gastric lesions is definitely related to 
dietary  deficiency.  This  is well brought  out if we compare  the  oc- 
currence  of the  lesions  in  the  entire  series  of rats  on  deficient  and 
complete  diets  respectively.  In  the  first  group,  comprising  in  all 
112  rats,  lesions  were  encountered  in  68--an  incidence of approxi- 
mately 61 per cent.  In the second group, which includes animals on 
stock diet, 1 on a  supposedly complete synthetic diet rendered  acid or 
alkaline by varying the mineral content, and on a fat-soluble vitamine 
deficient diet completed by the addition of cod liver oil, gastric lesions 
were found in but five out of 66 rats,  or approximately  7.0 per cent. 
In the case of three of these five rats, there was a possibility that the 
casein used was inadequate  in regard to its vitamine A  content.  In 
any case, the difference in the incidence in the two groups of animals is 
too great to attribute to chance. 
From  a  study  of the  literature,  we find  that  similar  proliferative 
and ulcerative lesions of the proventriculus of rats have been observed 
by others, and quite variously interpreted. 
1 The  fifteen wild  rats  are  also  included. A.  M. PAPPENHEIMER  AND  L.  D.  LARI~ORE  729 
Mention  should  first be  made  of  the  widely known  and  exhaustive  studies 
of Fibiger.  His researches on  the papillomatous and  carcinomatous tumors of 
the  rat  stomach  and  their  relation  to  infestation  with  nematode  Spiroptera 
neoplastica (Gongylonema neoplasticum)  are  too familiar to  require  further  cita- 
tion.  A  comparison  of  the  earlier  lesions  illustrated  in  the  beautiful  plates 
which accompany Fibiger's first larger publication (5)  with the lesions described 
by us, show a  minute correspondence in the gross and microscopic features.  A 
careful study of our preparations, however, and repeated examination of stomach 
contents, and in some cases, of the feces for nematode ova, has failed to show 
infestation with  Gongylonema in  our animals.  Although we have  had  no  per- 
sonal opportunity to examine Fibiger's preparations, the pictures of the worm 
in his plates are so distinct that  there  should be no  difficulty in identifying it, 
were it present.  In a  number of our rats, serial sections were cut through  the 
ulcerated areas in the hope of discovering a parasite, but always without success. 
We feel quite certain that the lesions described by us, in spite of their morpho- 
logical identity  with  the  non-cancerous  stages  described  by  Fibiger,  are  not 
associated with  nematode  infection. 
We have found but one reference in the articles of Fibiger to the diet of his 
experimental animals.  In an article published in 1920  (6), it is stated that the 
rats were fed exclusively on white bread.  Whether this inadequate diet favored 
the development of the lesions apart from the presence of the parasites, cannot 
be  decided. 
Quite similar lesions also were found by Rohdenburgh and Bullock to follow 
the introduction of spinous objects into  the stomach of rats  (7). The  authors, 
however,  expressed themselves with some reserve as to  the r61e played by the 
mechanical  irritant,  since they  had  observed  similar  lesions  in  non-operated 
rats.  No  data are given in  the  articles as  to  the  dietary conditions of these 
animals, but we have been informed by Dr. Rohdenburgh that the rats received 
bread, with turnips, carrots, or greens once or twice weekly.  The possibility of a 
dietary deficiency in these animals can hardly be positively excluded. 
Buschke  and  Lange  (8)  describe  tumor-like  changes  in  the  mucosa  of  the 
prostomach of rats as a  result of tar, injected per rectum in doses of 0.1  to 0.3 
cc. twice weekly.  Of 54 animals thus treated, all but four showed lesions similar 
to or identical with those described by us.  No lesions were found in the rectum, 
nor in  the  remaining portion of the  intestinal tract,  and  no  cancerous  trans- 
formation occurred in any of the animals. 
As controls, the authors refer to another series of rats used for bacteriological 
purposes,  to  a  series  injected  with  paraffin  or  Scharlach  R  in  oil,  and  to 
Fibiger's negative controls.  In all these instances, normal stomachs were found. 
It  does  not  appear,  however,  that  the  authors  examined  rats  of  the  same 
litters, kept under identical conditions as regards diet.  Indeed, no  mention is 
made  of the  food. 
Buschke  and  Peiser  (9)  describe identical lesions  in  the  rat  stomach,  this 
time provoked by the oral or subcutaneous administration of 0.2 mg. of thallium. 730  GASTRIC  LESIONS  IN  RATS 
About 80 per cent of the animals--that  is, about the same proportion as the tar 
rats--were affected.  Again no reference is made to diet. 
The  interpretation  of our findings  is more difficult than  their  de- 
scription.  Deficient  diets  indubitably  favor  the  occurrence  of  the 
lesions, and there can be no question that in experiments such as those 
of Buschke and Lange, a failure to take the dietary influence under con- 
sideration weakens the validity of their conclusions. 
But as to the precise nature of this dietary influence, we can as yet 
say nothing definite.  Our experimental efforts to analyze the factors 
in terms of known dietary deficiencies have proven inconclusive, and 
we are led to believe that there is another factor involved. 
While our work was in progress, and shortly after we had indepen- 
dently observed the occurrence of hair or hair fragments in the lesions, 
there appeared the interesting paper of Mitchell, Bradshaw, and Carl- 
son (10).  These writers describe the finding of definitely formed hair- 
balls in the stomach of 90 per cent of rats kept on the standard casein 
paste diet of Osborne and Mendel.  They were never seen in rats on 
stock  diet  of  mixed  foods,  on  dry,  crumbly  diets,  or  on  liquid 
diets. 
They say further that the constant irritation  of the hair-balls  may 
cause inflammation  of the gastric mucosa, and in several cases,  mic- 
roscopic examination disclosed a  definitely ulcerated condition.  The 
lesions are not described in detail,  and it is not stated whether they 
affected the glandular or esophageal portion of the stomach. 
Our experience differs from theirs  in that  we found ingested hair, 
though not well formed hair-balls, on the dry diets used in our experi- 
ments, Diet 84 for example.  The high fat content of the diet cannot 
be at fault in these cases. 
CONCLUSIONS. 
Ulcerative  lesions  of  the  rumen  with  papillary  epithelial  hyper- 
plasia occur in a large proportion of rats maintained on a deficient diet, 
and  are rarely, if ever, present when the diet is complete. 
It has  not been possible to ascribe the lesions to lack of any of the 
known  dietary  components. 
The  fact that  rats  on improper  diets  tend  to  eat  hair,  that  hair 
fragments have been found in a number of instances embedded in the A.  M.  PAPPEN'I-IEIMER AND  L.  D.  I.,ARIMORE  731 
ulcers, and surrounded by a definite inflammatory reaction, and finally, 
that the ulcers have been experimentally produced in rats on a  com- 
plete  diet,  when  chopped  hair  was added to the food, lead us to be- 
lieve  that the ingested hair is an important factor in the causation of 
the  lesions.  Whether  the  hair  splinters  act  merely as  mechanical 
irritants, or as the carriers of an infective agent, has not been deter- 
mined.  It is probable, moreover, that the deficient diets in some way 
that we do not as yet understand, intensify the injury caused by the 
hair.  However  produced,  the  lesions  are  so  frequently found that 
they should be taken into account in experimental work on rats, es- 
pecially in judging of the effects of dietary influences by the weight 
curves.  That  the  presence  of  severe  ulcerative  lesions  in  the pro- 
stomach must unfavorably affect the general nutrition of an experi- 
mental animal, seems beyond question. 
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EXPLANATION OF PLATES. 
PLATE 25. 
FIG. 1.  Rat 80-51.  46 days on alkaline  diet.  Large ulcers,  in places con- 
fluent,  with marked hyperplasia  of adjacent mucosa. 
FIo. 2.  Rat 60-97.  Diet 84, 30 days.  Numerous ulcers and extreme papil- 
lary hyperplasia  affecting  the entire mucosa  of the  lumen.  Note  the beaded 
thickening of the limiting ridge. 
PLATE 26. 
FIG. 3.  Rat ?.  Hyperkeratosis,  marked papillary hyperplasia of epithelium, 
edema and  inflammatory infiltration  of submucosa.  Superficial central  ulcer, 
covered by yeasts and bacteria. 732  GASTRIC LESIOI~S IN RATS 
PL.~  27. 
Fro.  4.  Rat  22--96.  Diet 84,  47 days.  Marked papillomatous hyperplasia. 
K,  thickened  keratin  layer,  ep,  proliferated  epithelium,  ram,  hypertrophied 
muscularis  mucos~e,  sin,  edematous  submucosa,  ml,  m~,  circular  and  longi- 
tudinal  muscle  fibers,  inf,  inflammatory  infiltration  of  subepithelial  connec- 
tive  tissue. 
FIG.  5.  Rat  80-19.  53  days on vitamine A deficient diet.  Section through 
inflamed and thickened gastric wall.  u, superficial area of ulceration,  e,  papil- 
lary down-growth of epithelium,  c,  clefts  in submucosa which probably  con- 
rained hak  fragments. 
PLA~  28. 
FIo. 6.  Rat 80-97.  29 days on Diet 84 plus 2 drops of inactivated cod liver oil 
daily.  The section shows a  large cyst-like invagination  (c)  of  the gastric mu- 
cosa.  It is filled with loose keratin flakes,  and contains also a  portion of a ha/r 
s~ft  (h).  The  superficial  epithelium  shows  marked  papillary  hyperplasia. 
There  is a  small  ulcer, with inflammatory reaction  at  u.  cm,  circular muscle. 
Ira, longitudinal muscle. 
Fro.  7.  Rat  90-35.  29  days on  complete  synthetic diet with  admixture  of 
rat  hair.  Section showing hair  shaft embedded in  epithelium  and  submueosa. 
Note ulceration  and  local inflammatory reaction. THE JOURNAL OF  EXPERIMENTAL  MEI~I(~INE VOL.  XL.  PLATE 25. 
Fro.  1. 
FIG. 2. 
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FIG. 4. 
FIo. 5. 
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FIG.  6. 
YIG. 7. 
(Pappenhelmer and Larimore: Gastric [eslons  in rats.) 